Background {#Sec1}
==========

Globally, it is anticipated that there will not be sufficient professional health care providers to meet the need for care until at least 2050. While there are 24.2 physicians per 10,000 people in the United States, there are only 7.6 in South Africa \[[@CR1]\]. This deficit is exaggerated in rural areas, where 43% of the South African population live \[[@CR2]\], and where only 12% of doctors and 19% of nurses are based \[[@CR3]\].

Although the South African government offers free primary health care, rural clinics are understaffed, and healthcare workers or medications may not always be available. In addition, patients face significant barriers to accessing rural healthcare facilities: transport is often unavailable; distances are vast; and geographical barriers such as rivers and mountains restrict mobility \[[@CR4]\].

Given these challenges, health system administrators often focus on task shifting from professional to paraprofessional staff in order to meet the health needs of communities \[[@CR5]\]. In 2011 the South African government launched a new policy on the re-engineering of primary health care that includes using teams of generalist community health workers (CHWs) \[[@CR6]\]. However, there have been few studies evaluating whether these programmes are effective in impoverished rural areas that may make CHW intervention more difficult or present unique challenges. For maternal and child health in particular, there are many barriers that must be addressed by CHW.

The HIV prevalence in the area, 29.8% is similar to the national prevalence of 30% \[[@CR7]\]. However, the actual effect of HIV in rural areas is often unknown as most research takes place in urban centres.

Within this already impoverished and difficult context, families are affected by multiple additional, potentially reversible, interacting challenges: maternal depression, alcohol use, and intimate partner violence (IPV). The rates of perinatal depression in studies conducted in South Africa have ranged from 27 to 47% \[[@CR8]--[@CR10]\]. Depressed mothers are less likely to be responsive to their infants, often retarding infant growth, resulting in behavioural problems, and reducing cognitive functioning \[[@CR11]--[@CR13]\].

Alcohol abuse is a common issue in South Africa. About 25% of mothers in South Africa drink alcohol and most of them report problematic drinking behaviours \[[@CR9], [@CR14]\], associated with negative child outcomes \[[@CR15]\]. Alcohol use in pregnancy can have a lifelong effect on the baby, as it can lead to Fetal Alcohol Spectrum Disorders (FASD). South Africa has one of the highest rates of FASD in the world \[[@CR16]\]. Further, intimate partner violence is often associated with alcohol abuse \[[@CR14]\]. Women experiencing intimate partner violence both prior to and during pregnancy are at risk for multiple poor maternal and infant health outcomes, such as pre-term labour and infants with low birth weights \[[@CR17]\].

Fortunately, previous CHW interventions have been shown to ameliorate these challenges. A comprehensive CHW home visiting program in Cape Town that offers mothers support on interrelated health issues and helps integrate them into existing health systems has had success addressing these issues \[[@CR9], [@CR18]--[@CR20]\]. Mothers were more likely to complete important caretaking tasks for their children. Mothers living with HIV were more likely to adhere to guidelines to reduce and prevent mother-to-child transmission of HIV. Mothers receiving the CHW home visits breastfed longer, as recommended by the WHO, and their infants had better growth \[[@CR9], [@CR19], [@CR21]\].

Other potentially protective factors, such as obtaining a child support grant (CSG), avoiding traditional healers, and attending a minimum of four antenatal care visits, have not yet been evaluated, but are crucial to improving maternal and child health in rural settings. Traditional healers, common in South Africa are often seen as a source of medical misinformation and dangerous practices, as well as reducing other avenues of maternal health care seeking and causing treatment delays \[[@CR22], [@CR23]\]. Furthermore, traditional healers often give herb mixtures to new-borns, more than half of infants before 1 month, and this interferes with exclusive breastfeeding and may at times be toxic \[[@CR24]\].

For the roll-out of CHW to be successful in rural settings of South Africa, the ability to address multiple maternal co-morbidities and promote maternal caretaking that benefits healthy child development in a challenging setting is essential. Many CHW programs are 'vertical' interventions, focusing on one key issue such as HIV or TB in a targeted way. However, infants in South Africa face multiple challenges and therefore, a CHW program with a more comprehensive approach is implemented in this study.

This study in a deeply rural community in the Eastern Cape of South Africa aims to assess MCH over the first 2 years of life and compares outcomes for mothers and their babies living in areas with standard home antenatal and HIV care compared to those receiving standard care and home visits from a 'horizontally' integrated program. In this program, CHW provide comprehensive support on interrelated health issues and are integrated into the existing health systems \[[@CR9], [@CR18]--[@CR20]\].

Methods {#Sec2}
=======

This longitudinal prospective observational cohort study was conducted with approval of the Institutional Review Board of the Stellenbosch University (N12/08/046) and permission for the recruitment to occur in government health facilities was granted by the Eastern Cape Department of Health. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. This article does not contain any studies with animals performed by any of the authors.

Setting {#Sec3}
-------

Zithulele Hospital lies within the King Sabata Dalindyebo (KSD) Sub-district of the OR Tambo District of the Eastern Cape Province of South Africa. The Eastern Cape Province has some of the worst child health indicators in South Africa. The OR Tambo district, in particular, is one of the most under-developed and impoverished districts in the country \[[@CR25]\]. Most households lack electricity, running water, and access to toilet facilities. The unemployment rate is well over 70% and the average annual income per household is R14 600 (\$1518 in 2013) \[[@CR26]\]. The hospital has a catchment area of nearly 1300 km^2^ and serves a population of 130,000--150,000 \[[@CR26]\].

Participants {#Sec4}
------------

From January through April 2013, a consecutive series of mothers giving birth at Zithulele Hospital and its 10 closest clinics, as well as mothers who had a home birth in the areas covered by the ten clinics, were approached to participate in a birth cohort study, the Zithulele Births Follow up Study (ZiBFUS). Mothers who gave birth at the hospital but lived outside this geographical catchment area were excluded. From 493 live births, 470 mothers provided written voluntary informed consent (4.7% refusal rate). In the case where the mother was less than 18 years old (16.4%), written consent was obtained from the adolescent mother and one of her parents/guardians. Written informed consent was obtained from all individual participants included in the study. In the cohort of 470 mother-infant pairs, we found that mothers living in certain villages in the hospital catchment area had received home visits by CHW of a non-profit organisation (NPO), the Philani Nutrition Trust, during the antenatal period and during their baby's first 2 years of life. Mothers visited by these CHWs were labelled as being part of the home visiting (HV) group, while the others were designated as the standard care (SC) group. These home visits were unrelated and not part of the longitudinal prospective cohort study.

Description of intervention {#Sec5}
---------------------------

The Philani Maternal, Child Health and Nutrition Trust is a NPO operating in the catchment area of Zithulele Hospital in the Eastern Cape since 2010. Philani Mentor Mothers (CHWs) are recruited from the areas where they live and are trained to conduct home visits in their communities. The training includes a four-week course on maternal and child health, HIV and TB, followed by 2 weeks of in-the-field training and shadowing of experienced CHWs. There is a strong emphasis on careful recruitment, ongoing training, supportive in-the-field supervision and accountability \[[@CR18]\].

CHW are assigned a catchment area and systematically conduct home visits in their designated area/village. CHW offer to weigh children to make sure they are growing well, as a way to gain entry into the household. While there, they provide health education about nutrition, breastfeeding, HIV, PMTCT, TB and the importance of antenatal care and find out if any of the women in the household are pregnant. Some pregnant mothers are found by word of mouth in the community. A file is opened for all pregnant mothers and for all children who are under-weight for age, stunted or wasted, and these households are paid careful attention to by the CHWs and regularly visited. The Philani CHW programme schedule requires that mothers are visited every month early in pregnancy, twice in the eighth month of pregnancy, weekly in the ninth month of pregnancy, within 2--3 days of arriving home after birth, weekly in the first month after birth and then every 2 weeks up until the infant is 1 year old and monthly after this.

Assigning participants to standard care (SC) or home visiting (HV) groups {#Sec6}
-------------------------------------------------------------------------

All mothers in both the Standard Care Group and the Home Visiting Group were recruited to the study in exactly the same way -- 1-2 days post birth if delivering in hospital and within 2 weeks if delivering at home - by a research team completely independent of the CHW programme. 77% of mothers recruited gave birth at the hospital, 9% at a community health centre, 4% on the way to a health facility and 10% at home. To identify women who gave birth at home or in one of the feeder clinics/community health centers, the research team relied on nurses at the clinic to identify these cases and offered nurses a small airtime reimbursement to contact the field workers with the woman's telephone number. The majority of home births were referred to us by nurses at the time of the mother's first visit to the clinic, usually within a few days after birth. Field workers (known as data collectors) would then visit mothers at home. We believe that virtually all home births during the recruitment period were identified in this way because of the strong incentive for mothers to visit a clinic or hospital soon after birth to acquire a Road-to-Health card (RtHC) for their baby. Not only is the RtHC a type of health 'passport' and an extremely important health record, but it is also used to apply for a child support grant (\$25 per month in 2013) from the South African Social Security Agency (SASSA).

Mothers were assigned to the Standard Care group (SC) or the Home visiting group (HV) at analysis, based on whether or not they indicated that they had been visited by a Philani Mentor Mother (CHW) antenatally or after delivery.

Standard care group (SC) {#Sec7}
------------------------

All women recruited to the study have access to free primary health care, which includes antenatal care and HIV care, most often provided at clinics. At the time of the study, "Option A" Prevention of Mother-to-child-transmission (PMTCT) was in place, in which mothers living with HIV that have a CD 4 count of less than 350 are started on lifelong highly active antiretroviral therapy (HAART) and those with a CD4 of over 350 receive Zidovudine (AZT) from 14 weeks gestation and a stat dose of nevirapine (NVP) during childbirth, and infants of mothers living with HIV are given NVP syrup. All mothers living with HIV were encouraged to continue to monitor their CD4 count and to test their children for HIV at 6 weeks of age and again 6 weeks after the conclusion of breastfeeding.

Home visiting group (HV) {#Sec8}
------------------------

Mothers in the HV group lived in areas where CHWs had been active in the community for at least 2 years, as described above and indicated that they had been visited by a Philani Mentor Mother (CHW).

Assessments {#Sec9}
-----------

A separate team of local women underwent extensive training as Data Collectors, with role-plays, certification, and random observations in the field over time. Interviewers recorded interviews and collected data on programmed mobile phones. When possible, information collected from the mothers was verified on mother's antenatal clinic cards or children's Road to Health Cards (RtHC). The data was also later reviewed with a supervisor and randomly audited. Mothers were interviewed and infants were assessed at six time points: during recruitment near the time of giving birth; at 3 months (85% follow-up, *n* = 390/460); at 6 months (92% follow-up, *n* = 420/456), at 9 months (88% follow-up, *n* = 410/454); at 12 months (91% follow-up, *n* = 411/450), and at 24 months (88% follow-up, *n* = 396/450). There were 22 infant deaths and all the second twins of the 9 sets of twins were not included in these analyses, to avoid double counting those families in the data set.

Analysis {#Sec10}
--------

The primary analysis compared mothers receiving HV and mothers receiving SC using mixed effects regression models, with mothers receiving SC as the reference group. Logistic mixed effects regression models were used for binary outcomes. All models were adjusted for repeated measures, where appropriate, and a random participant effect was used to control for the longitudinal nature of the assessments. For all analyses, all observations that have a missing value for any one of the variables used in the model were excluded. All analyses were carried out using IBM SPSS Statistics (Version 20, Armonk, NY: IBM Corp).

Demographic information {#Sec11}
-----------------------

At baseline, mothers reported their age, education level, employment, their household make-up, household monthly income, access to a water source, and electricity. In addition, they reported on previous pregnancies and HIV status. HIV status was confirmed in the mother's antenatal clinic card and the RtHC and compared to the Zithulele Hospital maternity statistics.

Reversible maternal comorbidities {#Sec12}
---------------------------------

Depression was reported using the Edinburgh Postnatal Depression Scale (EPDS) \[[@CR27]\]. We report both the mean scale score and identify mothers whose responses indicate probable depressive disorder using a cut-off of EPDS \> 13 to indicate depressed mood \[[@CR28]\]. Alcohol use prior to and during pregnancy was self-reported by the mothers. IPV was self-reported prior to pregnancy and during pregnancy.

Protective maternal caretaking activities {#Sec13}
-----------------------------------------

Mothers who completed at least four antenatal care visits, by report and confirmed on the antenatal card, were reported. Mothers who tested for HIV during pregnancy, by report and confirmed in antenatal clinical card, were reported. Of mothers living with HIV, we report on four PMTCT tasks: 1) taking appropriate ART before birth; 2) giving the child nevirapine as appropriate; 3) 6-weeks post-delivery PCR test done; and 4) whether PCR was done by 6-months post-delivery. PCR status was both self-reported and verified by interviewers assessing the RtHC. The number of months of exclusive breastfeeding and those completing 6 months of breastfeeding was self-reported by mothers. Immunisations were recorded at each assessment as documented in the child's RtHC. With informed consent, photographs were also taken of the immunisation page in the RtHC to ensure accuracy. We report on whether all required immunisations were complete at each interview. Mothers that secured a child support grant at each follow-up assessment were documented. Finally, mothers self-reported visiting traditional healers in the last 3 months.

Child growth and development {#Sec14}
----------------------------

Low birth weight was recorded for those infants \< 2500 g. Infant growth was measured at each assessment. Children's weight and height measures were then converted to Z-scores based on the WHO age-adjusted norms \[[@CR29]\]. Growth is reflected in standardized scores (Z-scores) for height-for-age (HAZ), weight-for-age (WAZ), and weight-for-height (WHZ). A Z-score below − 2 SD was considered a serious health deficit: either stunting (\> − 2SD for HAZ), wasting (\> − 2 for WHZ) or severe underweight for age (\> − 2 SD WAZ) \[[@CR30]\]. The gross motor developmental milestones of the WHO for children at 6 (WHO1), 9 (WHO3), 12 (WHO1--5) and 24 months (WHO1--6) were administered \[[@CR31], [@CR32]\]. These include six milestones that are fundamental to acquiring self-sufficient locomotion: sitting without support, hands-and-knees crawling, standing with assistance, walking with assistance, standing alone, and walking alone \[[@CR33]\] Each task was scored (0) if unable to perform, (1) if reported able, but not demonstrated, and (2) if demonstrated able to perform. A single developmental score was calculated by taking the mean of all the WHO Gross Motor Developmental milestone tasks \[[@CR33]\].

Results {#Sec15}
=======

The demographic characteristics of the mothers receiving SC (67%; *n* = 313) and HV (33%, *n* = 157) are summarized in Table [1](#Tab1){ref-type="table"}. In both groups, mothers were about 25 years of age; however, adolescents were less likely to be in HV than SC (10% vs. 20%, *OR* = 0.44, *95% C.I.* = 0.24, 0.80, *p* = .007). Mothers had about an eighth-grade education and 4% were employed. Only about one-third of mothers lived with their family of origin. Households averaged about six persons each and about half of households (46%) had monthly incomes over R5000 (US\$520). Only 16% had water on the premises. Mothers in HV were less likely to have electricity than mothers in SC (4% vs. 21%, *OR* = 0.15, *95% C.I.* = 0.06, 0.35, *p* \< .001). About 40% of mothers were having their first baby. Across the region 29% of mothers were mothers living with HIV; however, mothers living with HIV were more likely to be in the HV than the SC group (35% vs. 26%, *OR* = 1.53, *95% C.I.* = 1.01, 2.31, *p* = .045). Table 1Baseline demographicsStandard care (SC)\
*N* = 313Home visiting (HV)\
*N* = 157All mothers\
*N* = 470Demographic characteristics Mean age (SD)24.9 (7.6)24.8 (6.3)24.9 (7.2) Adolescents\*20%10%16% Mean highest education level (SD)8.6 (2.3)8.8 (2.6)8.6 (2.4) Employed4%3%4% Live with father or in-laws34%33%33% Number of people in household (SD)5.9 (2.8)5.8 (3.3)5.87 (2.9) Monthly household income \>R2000 (US\$208 in 2013)48%50%48% Water tank on site18%13%16% Electricity\*\*21%4%16%Maternal health Primipara40%38%40% HIV Seropositive\*26%35%29%Note. *P*-values based on mixed linear (continuous) and logistic (binary) regressions using random intercepts for mothers\* *p* \< .05; \*\* *p* \< .01

Maternal reversible comorbidities and protective caretaking activities over time are summarized in Table [2](#Tab2){ref-type="table"}. Overall, 42% of mothers experienced one of these potentially reversible comorbidities. There was a suggested trend for mothers in the HV group to show less depressive symptoms over time compared to SC, this effect is however not statistically significant (Estimate -- 0.55, Standard Error -- 0.33, p-0.98). Alcohol use was similar over time in both groups. Fewer mothers reported alcohol use after learning about their pregnancy (11% vs. 7%, *Estimate* = −.05, *Std. Error* = .01, *p* = .001). Overall, 27% of mothers reported IPV. HV mothers were more likely to report intimate partner violence (IPV) than SC mothers during pregnancy (29% vs 15%, *OR* = 1.78, *95% C.I.* = 1.13, 2.78, *p* = .012). IPV is more common during pregnancy, compared to when the mothers are not pregnant (*Estimate* = 0.11, *Std. Error* = .02, *p* \< .001). Mothers in HV were more likely to complete their four antenatal visits prior to delivery than mothers in SC (38% vs. 26%, *OR* = 1.85, *95% C.I.* = 1.14, 3.00, *p* = .012). In both groups, 94% of mothers were tested for HIV during their pregnancy. Of the Mothers living with HIV, 5% were taking ART before the birth of their child, and 93% reported giving their child nevirapine post-birth. The HIV PCR testing rates for infants of mothers living with HIV were similar in both groups at 29% at 3 months and 48% at 6 months. Mothers receiving HV were more likely to breastfeed exclusively at 3 months compared to SC (29% vs. 17%, *OR* = 1.97, *95% C.I.* = 1.20, 3.25 *p* = .008). Completion of immunizations on time over the first 24 months of life was also similar in both groups. While immunization rates were low for the 6-, 10- and 14-week immunizations (49% at 3 months), many mothers "caught up" with these immunizations by 12 months post-birth (73%). The time to get the CSG was similar in both groups. Only about 38% of mothers started receiving a child grant by 3 months post-birth. By 1 year, the majority of mothers received the child grant (about 77%) and 90% received the child grant by 24 months post-birth. Significantly fewer mothers receiving HV had taken their infants to a traditional healer at 3 months (6% vs.13% OR = 2.33, 95%C.I. = 1.04, 5.20, *p* = .039), compared to mothers receiving SC. Table 2Reversible maternal comorbidities and protective caretaking activities in home visiting (HV) and standard care (SC) groups over timeStandard care (SC)Home visiting (HV)All mothers*N* = 313*N* = 157*N* = 470% n% n% n*Reversible maternal comorbidities* Maternal depression (EPDS \> 13)  At birth15%17%16%  3 months post-birth15% (37/241)15% (19/124)15% (56/365)  6 months post-birth15% (37/250)12% (13/112)14% (50/362)  9 months post-birth12% (27/223)11% (13/117)12% (40/340)  12 months post-birth16% (33/209)9% (9/103)13% (42/312)  24 months post-birth8% (14/177)6% (5/85)7% (19/262) Alcohol use  Before learning of pregnancy11%12%11%\*\*  After learning of pregnancy6%8%7%\*\* Intimate partner violence  Prior to pregnancy9%15%11%\*\*  During pregnancy\*19%29%22%\*\**Protective maternal caretaking activities* During pregnancy  Four or more ANC visits\*26%38%48%  Tested for HIV93%94%94% PMTCT tasks for mothers living with HIV  ART before birth3%7%5%  NVP at birth91%96%93%  PCR testing, 3 months24%36%29%  PCR testing, 6 months51%43%48% Feeding  Exclusive breastfeeding, 3 months\*\*17%29%21%  Exclusive breastfeeding, 6 months18% (47/264)25% (32/126)20% (79/390) Immunization  Up-to-date at 3 months51%45%49%  Up-to-date at 6 months72%75%73%  Up-to-date at 9 months84%83%84%  Up-to-date at 12 months77%66%73% Child support grant (CSG)  Secured by 6 months63%71%66%  Secured by 12 months76%80%77% Traditional healers  Visited within 3 months\*13%6%10%Note. *P*-values based on linear mixed (continuous) and logistic (binary) regressions that account for repeated measures with random intercepts for mothers\* *p* \< .05; \*\* *p* \< .01

Child growth and development measures are measured in Table [3](#Tab3){ref-type="table"}. About 25% of all children had low birth weights (less than 2500 g). In both groups at birth, the growth Z-scores for weight for age and for weight for height were about 0.5 SD lower than WHO norms. Children experienced similar growth over time on HAZ, WAZ, and WHZ. In both groups, WAZ (*Estimates* = \[0.48--0.80\], *Std. Error* = \[0.06--0.08\]) and WHZ (*Estimates* = \[0.31--1.01\], *Std. Error* = \[0.09--0.10\]) increased significantly from birth through the first 2 years of life (*p*'*s* \< .001). In both groups, HAZ increased from birth at 3 (*Estimate* = 0.44, *Std. Error* = .08, *p* \< .001), 6 (*Estimate* = 0.26, *Std. Error* = .09, *p* = .004), and 9 (*Estimate* = 0.19, *Std. Error* = .09, *p* = .04) months post-birth. HAZ were not significantly different from birth at 12 or 24 months. The completion of the WHO developmental milestones at 12 and 24 months was similar in both groups. Table 3Child growth and development outcomes in home visiting (HV) and standard care (SC) groups over timeGroup03691224Low birth weightSC26%----------HV22%----------Stunting (HAZ \< -2 SD)SC7%3%7%7%7%7%HV7%4%4%6%10%9%Severe low-weight for age (WAZ \< -2 SD)SC11%5%7%2%4%4%HV7%3%2%5%4%2%Wasting (WHZ \< -2 SD)SC19%10%5%4%0%3%HV16%9%4%1%3%5%Mean WHO development score (SD)SC----1.20 (0.41)1.98 (0.13)1.94 (0.30)1.98 (0.22)HV----1.36 (0.50)1.97 (0.17)1.96 (0.19)2.00 (0.00)

Discussion {#Sec16}
==========

This study found important associations between mothers receiving home visits (HV) by CHWs and protective maternal caretaking tasks. Mothers receiving HV were significantly more likely to make the four recommended antenatal care visits \[[@CR34]\] and were more likely to be exclusively breastfeeding at 3 months. They were also less likely to have taken their infants to a traditional healer at 3 months, potentially protecting their infants from harmful practises. These are important improvements in maternal caretaking, especially in rural areas.

The increased utilization of antenatal care by mothers living in HV areas is not unexpected. A key message given by CHW is that mothers should regularly visit PHC clinics for antenatal care. It is reassuring that this exhortation by CHW appears to be resulting in measurable action from mothers living in the HV areas.

In this cohort, reversible maternal comorbidities play an important role. We found that 42% of mothers were dealing with depression, alcohol use, or intimate partner violence. Depressive symptoms for all mothers decreased after delivery. The findings suggested a trend of fewer depressive symptoms among mothers receiving HV when compared to mothers receiving SC, however this effect was not statistically significant. Given the higher percentage of mothers living with HIV in the HV group, we would not expect this trend. These results are consistent with findings from an urban setting in South Africa where, at 36 months post birth, mothers receiving home visits showed significantly fewer depressive symptoms than mothers who did not receive home visits \[[@CR19]\].

By chance, the mothers receiving HV were more likely to be Mothers living with HIV (MLH), to be adolescent mothers, and to have less electricity than those receiving SC. MLH are typically more depressed than peers \[[@CR35]\] and have many more tasks to complete while pregnant and a new mother. Adolescent mothers are typically worse caretakers and are more likely to experience IPV \[[@CR17]\]. A lack of electricity indicates that the area may have had access to fewer economic or structural resources. Having electricity also conveys economic and health benefits. Given these initial differences, both maternal and child outcomes would be expected to be worse for mothers receiving HV than those receiving SC.

There was no significant difference in HIV testing, for Mothers living with HIV to complete PMTCT, to complete immunizations, or to receive the child grant. The delay in obtaining the child grant is concerning, as the grant is of vital importance in rural areas where the majority of households rely on grants for household income \[[@CR36]\]. It is concerning that the rate of PCR tests completed at in the first 6 months is so low (29% at 3 months and 46% at 6 months). There were no differences in child outcomes over time in the two groups. Child growth was similar. The children were typical in reaching their development milestones.

We found alcohol use was similar in both groups for women prior to pregnancy recognition, 11%, and similarly lower during pregnancy, 7%. This appears substantially lower than the 25% reported in the peri-urban townships around Cape Town \[[@CR9], [@CR14]\] . The lower rates of alcohol consumption in the rural areas may be linked to a more traditional lifestyle, in which drinking is not as accepted as in urban areas, particularly for women. While we do not believe this is a major contribution to the numbers reported here, there is also concern about potential under-reporting of alcohol consumption \[[@CR37]\]. Still, as the WHO recommends that women abstain from drinking alcohol during pregnancy, the finding that 7% of the women studied drank whilst aware of their pregnancy, is of concern.

In our study, Intimate Partner Violence was not only prevalent (27% of all mothers over time), but more mothers reported IPV during pregnancy compared to IPV prior to pregnancy. In addition, more mothers receiving HV reported experiencing violence than mothers receiving SC. This may be due to higher reporting of IPV amongst HV mothers as a result of trust built through their relationship with their CHW. With this finding, CHW interventions that target pregnant women should consider incorporating messages about IPV.

In the OR Tambo District of South Africa's rural Eastern Cape, there have been significant improvements in both maternal and child outcomes over the last 10 years \[[@CR38]\], yet substantial needs remain. This study builds on a series of evaluations of peri-urban home-visiting in Khayelitsha, Cape Town, South Africa \[[@CR9], [@CR18], [@CR19], [@CR39]\] by examining maternal and child outcomes in mothers receiving home visits or not in a deeply rural setting.

Implementation of the program through an established organization is an important feature in developing a successful intervention. The Philani intervention programme has been operating in peri-urban townships outside of Cape Town since the 1990s, and was expanded to the Eastern Cape 3 years prior to this study. With this specific area, the OR Tambo district of the Eastern Cape, a variety of factors, such as poverty, limited resources and limited access to healthcare \[[@CR25], [@CR38]\] make it more difficult for these organizations to thrive. Yet, even soon after being implemented, this programme is significantly associated with improved maternal caretaking.

Although receiving HV is associated with significant effects, improvements can be made to increase the impact of the HV. There were larger differences in more domains and child outcomes were improved when mounting this programme in the peri-urban townships \[[@CR9], [@CR18], [@CR19]\]. More impact of the intervention was expected, indicating that there is room for improvement in adapting this program to a deeply rural setting. Effective program design and management, acceptability of the program in communities served and securing support from political leaders or other health care professionals have been identified as crucial parts in expanding CHW programs \[[@CR40]\]. More research into possible gaps in these crucial domains is needed to determine reasons for limited results in this study. Migration is a possible reason for the limited results; migration in rural South Africa is common, meaning that it is possible that mothers have been out of the CHW area for parts of the study time, hence only receiving limited intervention*.* In addition, we did not monitor or manage how regularly visits occurred as this study was done independently of the CHW programme. Thus, data about the number of home visits and time points for these visits were not collected, and their impact was not considered in this study, but this is an important area for future research. A different set of challenges face home visiting programs in rural areas, and practical and logistical considerations---such as transport over large distances, access to transport and resources, must be central concerns in program design and implementation \[[@CR6], [@CR39]\]. Among more social and structural dimensions of health---such as interpersonal violence and alcohol usage---there were no significant effects seen from the CHW intervention at this stage, and CHW training must likely be adapted to address these behaviours. This study showed that CHW home visiting had limited, albeit important effects on maternal and child health, the results highlights the importance of tailoring intervention to contexts, in this case a deeply rural area.

Limitations {#Sec17}
-----------

This study was not a randomized controlled trial. Outcomes were evaluated on an intention-to-treat basis. We did not examine how the number of home visits may be related to outcomes. The majority of maternal comorbidities are self-reported by the mothers; we would have desired more biomarkers. However, maternal ANC visits, children's health visits, growth, and the CSG are validated on the RTHC. In the future, a randomized controlled trial is needed to evaluate this program.

Conclusions {#Sec18}
===========

Home-visiting by CHWs in rural South Africa benefits MCH by increasing maternal caretaking -- seen in increased antenatal care visits, exclusive breastfeeding for longer, and using traditional healers less often. There are areas where improvements in CHWs training are needed. More attention to structural and social dimensions of health may be necessary for more comprehensive maternal and child programming and should be a focus for future research.
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